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The PDF file includes: Fig. S1 . Simulations demonstrate the accuracy of ML estimates of amino acid REs. Fig. S2 . REs estimated from 90 clades respectively simulated using clade-specific parameters unless specified. Fig. S3 . Frequencies of between-clade RE correlations for clade pairs that show significant (orange, 3450 pairs) or nonsignificant (gray, 555 pairs) RE differences. Fig. S4 . REs respectively estimated from 90 clades simulated under nonstationary evolution of codon frequencies within clades (see the main text). Table S1 . Taxon composition and data source of all 90 clades for which relative amino acid exchangeabilities (REs) are estimated. Table S2 . Ten pairs of mammalian clades whose amino acid REs are compared for orthologous coding sequences.
Other Supplementary Material for this manuscript includes the following:
(available at advances.sciencemag.org/cgi/content/full/5/12/eaax3124/DC1) Data file S1 (Microsoft Excel format). Parameters estimated from each of the 90 clades and used in various simulations.
Fig. S1. Simulations demonstrate the accuracy of ML estimates of amino acid REs.
Simulations conducted here are the same as in Fig. 1 except that substitution rates vary among sites following a gamma distribution with the shape parameter of 1. All symbols have the same meanings as in Fig. 1. (a) Pearson's correlation (r) between estimated REs and the true values specified in simulations. (b) Pearson's correlation (r) between REs estimated from two simulated clades. 
